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Abstract 
In the last decades, companies have shifted from traditional business models based on selling products to product-service systems (PSS). Despite 
this tendency, there is a paucity of complete methodologies and tools to guide companies on how the transition should occur. To address this 
issue, the goal of this research is to present a complete framework to support manufacturing companies in the servitization journey. This novel 
proposal involves the application of design thinking to define the value proposition integrated with a PSS oriented business model creation, that 
goes beyond generic methods normally applied; and the specification of business process architecture to support PSS implementation. This 
research followed a prescriptive approach by means of action research technique. Key findings of the framework application are presented. 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Manufacturing companies are challenged by increased 
global competition, faster technological improvements and a 
greater demand for product differentiation to meet new 
customer’s needs and secure competitive advantage [1,2]. 
Thus, in the last decades companies have shifted from 
traditional business models based on selling products to PSS 
models [3–10].  By doing that, they aim to add value to their 
offerings through a user oriented [11,12] and integrated 
solution known as Product-Service System (PSS) [2,3,13–16].  
The degree of transformation required for PSS business 
model transitions varies depending on the company’s strategy 
and risk sensitivity [17]. One first scenario comprises both 
product and services components of the PSS as novelties 
[18,19]. In this case, product and services should be developed 
simultaneously from the beginning, which increases business 
risks [17]. A second scenario includes offering existent product 
and services, which results the minimum risk combination [17].  
A third scenario considers a new product with an existent 
service platform [17]. Finally, a fourth scenario, which is the 
focus of this article, encompasses an existent and fully 
developed product combined with new services platform 
[4,6,10,19]. In such cases, the PSS development process 
focuses on the services. Nevertheless, the method should also 
evaluate if the product has necessary functionalities to enable 
the PSS offer or if it requires modifications (adjustments in 
hardware to enable automatic billing, installation of sensors to 
monitor customer’s operation and enable predictive 
maintenance, or product modifications to satisfy customer’s 
new requirements). Regarding this last fourth scenario, there 
are other two variations. Some companies may choose to 
operate only with PSS business model while others can operate 
both traditional and PSS business models in parallel. In other 
words, they can continue selling traditional products and the 
integrated product service solution concomitantly in order to 
expand their market share and gain access to new markets 
[6,20].  
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Independently of the degree of transformation, it is widely 
known that offering a PSS involves the proposition of a new 
business model, which is normally defined in the beginning of 
the development, or even in the front end of innovation (FEI) 
[5,9,19,21–23]. Business models are representations of the 
organization’s logic to create and deliver value to customers 
[19,24–27]. Depending on the author, this logic may depict 
different elements, such as the company’s strategic choices, 
operations and relationships. Generic methods for generating 
business models, such as the Canvas business model [24], 
deliver a simplified and aggregated representation of a 
business’ logic with an insufficient level of detail for PSS 
development [18]. Thus, some authors suggest the use of 
specific methods that comprise greater level of details when 
developing a PSS business model [18,21]. Furthermore, 
designing a PSS business model, even in the case when the 
product component is already existent and fully developed, 
demands details about the service offer  (such as business 
processes related to services, service level agreements, 
partnership agreements) that are not mature enough at the FEI 
phase.  According to previous research [18], the PSS business 
model design may begin in the FEI, but the detailing should 
continue concurrently to the design of new services in the 
development phase (including the necessary new processes 
architecture for delivering the services). Regarding this 
perspective, methods presented in literature to design business 
models are useful to define an initial version, but they lack the 
appropriate level of detail for the purpose of a PSS offering 
[6,18]. Moreover, some authors indicate that literature is sparse 
in suggesting complete methodologies and tools to guide 
companies on how the transition should occur [3,4,6,28,29]. 
In regard to practical application, the number of studies 
focusing the transition from traditional to PSS business models 
is considered still limited [4,6,8,18]. Additionally, recent 
literature work [3] suggests that research community should 
take more prescriptively approaches in the change process and 
use techniques such as action research in order to actively 
support PSS practitioners in developing the tools and 
techniques that are still needed. 
Hence, aiming to tackle some of the aforementioned gaps, 
the goal of this research is to present a complete framework 
developed by means of action research in order to support 
manufacturing companies in the transition from traditional 
product to PSS business model.  
After the description of the research methodology (section 2), 
this article describes the methods constituting the proposed 
PSS transition framework and discusses the main findings of a 
practical application (section 3). Lastly, a section of final 
remarks is presented (section 4). 
2. Research Methodology 
This research follows a prescriptive approach, adopting an 
action research technique to propose a framework to help 
companies in the transition from traditional product to PSS 
offer. This method was chosen, because as already pointed by 
Baines et al. [3] most papers about PSS are descriptive and 
based on case studies. Like him, we also believe that 
researchers have an opportunity to be more active in 
developing actions rather than simply providing an analysis on 
the outcomes of others, hence prescriptive researches should be 
more explored. 
The action research approach is a scientific method 
characterized by the cooperation of researchers with 
collaborators from industries in order to develop the solution to 
a scientific and organizational problem. Two main differences 
of action research when compared to case studies are: (i) the 
solution or parts of it are developed during the research; and 
(ii) the researchers have an active role in the solution execution 
[30]. This study adopted the action research method proposed 
by Coughlan and Coghlan [30], which consists of a four-step 
cyclical process: diagnosing, planning, taking action and 
evaluating action. After each evaluation, a new cycle may start 
if necessary.  
This work is being conducted since September 2015 with 
the collaboration of a dental and hospital equipment 
manufacturer. This company (here after named Diagnosis CO 
for confidentiality purposes) has a diverse portfolio, but the 
family of products selected to become PSS is diagnostic 
imaging equipment. Those are high cost products 
manufactured and sold by Diagnosis Co predominantly by 
means of B2B transactions. Diagnosis CO is a mid-sized 
company employing over 450 persons. The company has 
strong competences in product development and 
manufacturing. Diagnosis CO decided to focus on a PSS 
strategy after losing sequential opportunities to entry new 
market segments due to customers’ economic restrictions on 
making high investments to buy the equipment. Moreover, they 
intended to have recurrent revenue with the PSS strategy. 
As we adopted action research approach, besides guidance 
and coordination, the researchers also actively participated in 
the execution of framework activities. Our team was composed 
of four professors, two PhD researches and four MSc. 
researches. The company structured a project team constituted 
of the Market Intelligence Manager, the Engineering Manager 
and the Post-Sales Manager. The President, the Sales Director 
and the New Business Director were involved in specific 
project gates to validate decisions and approve the project 
continuation.  
A first cycle of the action research until the business model 
configuration was already deployed and it is the focus of the 
following sections.   
3. Results and Discussion 
3.1. PSS Transition Framework Overview 
The proposed Framework (Fig. 1) aims to guide companies 
on their transition to PSS business models, when they identify 
servitization as an opportunity and strategic solution to their 
business. It is important to highlight that the representation and 
phases of the framework were defined during the project 
development. It was grounded on two important 
considerations. The first consideration is that the PSS business 
model dimensions - here considered as customer segments, 
value proposition, channels, customer relationship, processes, 
partnerships, resources, revenues and costs - cannot be 
completely detailed in the FEI phase.  
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As presented in Fig. 1, almost all dimensions are detailed by a 
certain extent (which varies according to each dimension) in 
the Initial Business Model phase, which is still in the FEI phase. 
However the detailing of some dimensions, such as customer 
relationship, channels, processes, partnerships, resources, costs 
and revenues, continues in the following phases and some of 
them even invade the development phase.  
The second consideration is a consequence of the first one. 
Once the business model dimensions cannot be totally defined 
at the Initial Business Model phase, then the PSS Business 
Model definition surpasses the FEI phase. In fact, it comprises 
different levels of abstraction and its detailing continues until 
the end of the development phase, when the PSS is launched. 
Therefore, the definition of a PSS Complete Business Model 
demands a group of methods instead of simplified, specific and 
separate methods usually presented in literature (such as the 
Canvas [24]). In this study, the phases are circular and iterative 
(see the return arrows in Fig.1) and in each one many methods 
are applied to deliver the PSS Complete Business Model. As 
indicated in Fig. 1, the proposed PSS Transition Framework is 
constituted of nine phases described in the following section.  
3.2. Specific Phases, Methods and Tools 
The first phase of the PSS Transition Framework is Business 
Analysis. It aims to understand the company’s current business 
model, its strategic alignment and the challenges of the context 
in which it operates. To do that, an assessment of the current 
Business Model is performed by means of specific 
questionnaires directed to different publics. Those 
questionnaires encompass internal aspects, based on a SWOT 
analysis, and external aspects, based on the Business Model 
Generation methodology [24], which proposes the 
understanding of some topics before a business model is 
created. The external aspects explore four main areas of the 
environment: key trends (regulatory, technological, cultural), 
macro-economic forces (global market conditions, 
commodities), industry forces (value chain, stakeholders, 
competitors) and market forces (segments, needs). This stage 
demands active participation and face-to-face interviews with 
different people inside the organization and possibly some 
external players (such as clients, competitors, suppliers). The 
results of the Business Analysis phase are: the understanding 
of the PSS transition context and the consolidation of main 
challenges that the company faces.  
The Business Analysis phase is depicted in the beginning 
and is not related to the circular and iterative cycle of the 
framework, since it represents the acknowledgement of the 
company’s current situation. The company may take the 
decision to skip this phase if the existing business model is 
already well known.  
The second phase of the Framework, Value Proposition, 
aims to understand customer segments and develop the PSS 
value proposition. PSS should offer a customer centric 
perspective [11,12]. Thus, we selected Design Thinking (DT) 
to define the value proposition, since it is an effective user-
centered approach that has been tested and approved by many 
practitioners and authors, such as Brown [31] and Liedka and 
Fig.1 - PSS Transition Framework 
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Ogilvie [32]. As the fundamentals of DT methodologies are 
similar, we adapted the Bootcamp Bootleg methodology 
proposed by the D.School [33], with which we have had 
previous practice, to the context of this research. Its first stage 
goes through understanding customers and stakeholders in 
order to generate empathy and identify problems related to their 
experience with the product. This first stage allows the project 
team to define which shortfalls shall be solved as a value 
proposition. Then, a new stage begins where the team ideates 
solutions for the selected problems. The best ideas are 
combined into concepts that are tested by the customers and 
improved according to their feedback. It should be highlighted 
that this process is not linear, as it is possible to iterate among 
the stages according to the project progress. The final results 
generated in the Value Proposition Phase are: the customer 
segment definition, the PSS Value Proposition, extra new ideas 
regarding the product and the service that were not considered 
in the Value Proposition. The results of this phase are the 
content of the first two dimensions of the PSS Initial Business 
Model: customer segment and value proposition. 
The third phase is named Initial Business Model. It aims to 
generate different options of PSS business models based on the 
customer segments and PSS value proposition previously 
defined. As already mentioned in section 3.1, this framework 
considers that the PSS business model has different levels of 
abstraction. Therefore, it must yield more details about the 
business dimensions than generic models commonly presented 
in literature – such as the Canvas business model [24]. Hence, 
a new tool based on the structure of the Canvas business model 
[24] along with a PSS Business Model Configurator from 
previous research [18] is proposed in order to guide the 
detailing of each dimension by means of their attributes. As 
indicated in Fig.1, different business dimensions have different 
degrees of detail at this stage. This is expected and acceptable, 
once some information is still not available in this stage. 
Therefore, the results of this phase are: the initial business 
model propositions with sufficient definitions for the project 
economic viability assessment and initial business process 
architecture, partnerships and resources.  
The Business Case phase aims to assess the economic 
viability of the different PSS Initial Business Model 
propositions.in order to select the best configuration. This 
phase is also considered part of the Complete Business Model 
(Fig.1), once it integrates further details (Fig.1) and connects 
the two business dimensions revenues and costs that are located 
in the bottom of the Canvas framework [24]. The tool used in 
this stage is a specific framework for assessment of product and 
service development projects based on previous work [34]. The 
starting point is the checklist of variables that the company 
provides in order to feed the framework. The results of this step 
are the economic viability indicators of each business model 
configuration for the PSS, such as the Net Present Value 
(NPV), Internal Return Rate (IRR), Payback Period, Return on 
Investments (ROI), Profitability Index and Breakeven Point. 
These results will enable the board members of a company to 
take the decision if the PSS solution should or not be 
implemented regarding an economical perspective. 
Furthermore, when more than one PSS Business Model 
proposition exists, this phase will determine the best 
configuration concerning the company’s interests. It may be 
pointed out that the cash flow creation for the calculation of the 
aforementioned indicators is not trivial due to services’ revenue 
and costs uncertainties.  
The phases Process Architecture and Product Architecture 
may be defined simultaneously. The Information and 
Communication Technology (ICT) Architecture represents the 
computational solutions that support the services of the Process 
Architecture and may demand connections to the Product 
Architecture features (such as sensors and smart objects in the 
Internet of Things). The practical application of PSS 
considered in this study was constituted from a fully developed 
product. In such cases, the Product Architecture and the 
processes related to the product delivery (such as production 
and distribution) are already defined. Therefore, the focus 
should be on the detailing of the Business Process Architecture 
related to services and the ICT Architecture. However, it is 
recommended to evaluate if the product itself fits the PSS 
purpose, once normally minor hardware modifications are 
necessary (such as installation of sensors and billing software). 
This phase is also considered part of the Complete Business 
Model, because it enriches and further details the dimensions 
customer relationship, channels, processes, partnerships and 
resources (Fig.1). Thus, the results of this phase are: processes 
to enable the services components, responsible areas, partners, 
necessary resources (systems and materials) and main 
performance indicators for each process.  
In the Detailing phase the processes of the PSS are 
completely detailed and modeled. Then, an implementation 
plan is prepared and final deployments are conducted in the 
Value Chain Preparation phase. Finally, the implementation is 
completely executed, which culminates with the PSS Value 
Chain Launch. 
As depicted in the framework, the design of the new PSS is 
a circular and iterative process (see dotted lines with reverse 
arrows in Fig. 1) regarding the phases Value Proposition until 
Value Chain Launch. This means that outputs of later phases 
may demand changes and revision of previous phases.  
3.3. Key Findings of the Action Research 
The discussion of results would require more details, but due 
to length constraints only main findings and highlights of 
phases one, two and three are presented. 
The Business Analysis was conducted by means of eleven 
interviews with stakeholders from inside and outside the 
company (more than five internal business areas and a key 
customer were interviewed). As final results, a suggested 
family of products was confirmed as the PSS pilot and a gap 
for maintenance services in the sector was highlighted. This 
phase was fundamental to align basic market opportunities 
(such as the demand of the sector for training services and 
preventive maintenance), barriers (such as some conflicts of 
interests with current clients), and weaknesses (the sector fails 
offering corrective maintenance services and is still informal). 
Those outputs were important initial guidelines for the Value 
Proposition phase planning.  
As for the Value Proposition phase, during the application 
of the Bootcamp Bootleg methodology more than thirteen 
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interviews with different stakeholders related to the existent 
diagnostic imaging equipment were conducted (current clients, 
possible future clients, competitors’ clients, bank institutions). 
The objective of such interviews was to map customer 
segments, understand the users’ needs, and identify the users’ 
problems that still demanded solution. As a result, two 
customer segments were selected.  
The mapped users’ needs enabled the generation of more 
than a hundred ideas to improve the customer experience 
related to the equipment. After clustering them by similarity, 
they were reduced to eighty ideas. From that number, 35 ideas 
directly related to services and PSS were selected. The 
remaining 45 ideas related to hardware improvements were 
documented and delivered to the Engineering Manager, since 
general hardware improvements not directly related to PSS 
correct functioning were not the scope of the project. Due to 
the great number of ideas it was necessary to prioritize them 
according to their relevance regarding the PSS launching and 
their complexity. This process resulted in an implementation 
roadmap of the proposed solutions. This step was not 
previously planned and was an outcome of the action research, 
which was very appreciated by the company. It was essential 
for the understanding of the PSS value proposition and the 
generation of prototypes for testing the solution. Besides, the 
company could not implement the great amount of new 
services to be offered at once. Hence, this step was incorporated 
to the Transition PSS Framework that we propose.  
After the ideation, the project team generated a low-
resolution “prototype” of the PSS offer for testing the concept 
with six possible clients. This activity was very important to 
guarantee that the user’s needs were captured and translated as 
value in the PSS and also to adjust and fine tune the offer. 
Although the Value Proposition phase was time consuming, it 
contributed to the understanding of the customers’ needs and 
the clarification of incorrect perceptions that the company had 
about its clients. The company’s team testimonies showed that 
they would propose a different and incomplete value 
proposition solution if not for this phase. However, they also 
pointed that too much time was consumed in prototyping and 
in their opinion that should be simpler. A limitation of this 
phase was that the sample of interviews and tests were narrow 
in number and in geographical coverage, due to the company’s 
availability restrictions.  
The Initial Business Model phase was conducted in two 
workshops. The first workshop focused on detailing the right 
side of the Canvas business model, which consists of analyzing 
the customer segments and value proposition (outputs of Value 
Proposition phase), and defining customer relationships, 
channels, and revenues. The second workshop aimed to detail 
the left side of the Canvas, which is composed of processes, 
resources, partnerships and costs. The core of the left side is the 
definition of processes, which depends on previous 
configurations of the right side. As a result, two business 
models were generated being one for each selected market 
segment. A good practice conducted in this phase was to 
present pre-selected possibilities of attributes for each 
dimension. That spared time and made the dynamic more 
efficient. Two interesting findings from this stage are aligned 
with servitization literature: 
Finding 1: Diagnosis CO decided to maintain its actual 
business model running in parallel with the PSS business 
model. This is consistent to the fact already presented in 
literature that a PSS development does not exclude traditional 
business models. As a matter of fact, the word transition could 
be better placed by “expansion” of offerings [6,20]. 
Finding 2: as highlighted in previous research [4], Diagnosis 
CO also decided to open a spin off to launch the PSS business 
model. The novelty is that their primary motivation to separate 
units was to avoid direct competition with their actual clients. 
Despite that, they also found important to avoid resistance from 
the current product sales team (one of the main reasons 
indicated in literature).  
The Initial Business Model phase supported the company in 
defining and assimilating the details of the PSS services 
components (such as frequency of preventive maintenance, 
frequency of customer proactive contact, conditions for 
product retrofitting). After that, they could estimate the efforts 
in terms of processes and organizational changes to enable the 
PSS. Furthermore, it brought to light legal and tax issues that 
should be approached in order to allow the PSS launching. A 
limitation of this stage was that the legal and tax specialist 
could only join the team at the last moment. The participation 
of such role is important from the start of this phase in order to 
avoid unnecessary work, once improper assumptions were 
made at the beginning. 
The revenue and cost dimensions were only partially 
defined during the Initial Business Model, since the phases are 
iterative and the detailing of these dimensions is part of the next 
phase: Business Case. The participation of a tax and legal 
specialist is essential in Business Case phase. 
Another limitation of this study is related to the trigger to 
implement a PSS. Different circumstances may be the trigger 
for the PSS design initiative inside a company. This article 
focuses only on the case when the company actively decides to 
offer the PSS after perceiving a market opportunity. Another 
trigger to start a PSS would be a direct request from a customer. 
In this case, the customer may suggest an initial concept of the 
PSS value proposition, which may change the way in which the 
framework is applied. As we did not obtain evidences to test 
this last case in the action research, the topic remains as an 
opportunity for future researches.  
Based on our research method, action research, the 
framework is being updated during the development. The 
version presented in this paper is what we have obtained so far. 
At the end of this empirical application, the framework may be 
slightly different. After a stable version of the framework is 
reached, the research methodology will be changed to case 
studies in order to try to falsify the framework in the 
hypothetical-deductive approach. The findings of next phases 
and action research cycles will be presented in further 
publications. 
4. Final Considerations 
This study provides insights of practical application to 
support companies in the transformation from traditional 
product to PSS business models. Its main contributions to 
academy and practitioners are:  
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x The proposition of a complete framework, from ideation to 
implementation, in order to transform the offering of a 
product into a PSS;  
x The introduction of a new concept for outlining business 
models integrated in a comprehensive methodology that 
involves design thinking, business case and business 
process architecture methods;  
x The description of a practical oriented prescriptive 
research. 
 
The framework introduced in this paper still requires further 
development and empirical tests. Next steps of research aim to 
conclude the action research cycles. Afterwards, case studies 
will be performed to evaluate the applicability of the 
methodology in different industry contexts and improve the 
framework. 
Acknowledgements 
This work was supported by São Paulo Research Foundation 
(FAPESP) under the processes 2015/00291-0 and 2013/14549-
4. The opinions, hypotheses and conclusions or 
recommendations expressed in this material are responsibility 
of the authors and do not necessarily reflect the views of 
FAPESP.  
The authors would like to extend sincere thanks to São Paulo 
Research Foundation (FAPESP), Brazilian Counsel for 
Scientific and Technological Development (CNPq) and the 
Higher Education Personnel Improvement Coordination 
(Capes) for supporting this research. 
References 
[1] Boehm M, Thomas O. Looking beyond the rim of one’s teacup: A 
multidisciplinary literature review of Product-Service Systems in 
Information Systems, Business Management, and Engineering & Design. 
J Clean Prod 2013;51:245–60. 
[2] Mont OK. Clarifying the concept of product – service system. J Clean 
Prod 2002;10:237–45. 
[3] Baines TS, Lightfoot HW, Benedettini O, Kay JM. The servitization of 
manufacturing: A review of literature and reflection on future 
challenges. J Manuf Technol Manag 2009;20:547–67. 
[4] Oliva R, Kallenberg R. Managing the transition from products to 
services. Int J Serv Ind Manag 2003;14:160–72. 
[5] Martinez V, Bastl M, Kingston J, Evans S. Challenges in transforming 
manufacturing organisations into product-service providers. J Manuf 
Technol Manag 2010;21:449–69. 
[6] Kowalkowski C, Windahl C, Kindström D, Gebauer H. What service 
transition? Rethinking established assumptions about manufacturers’ 
service-led growth strategies. Ind Mark Manag 2015;45:59–69. 
[7] Baines T, Shi VG. Servitization adoption : A Delphi study to gain 
insights into the transformation of manufacturing. Prod Plan {&} 
Control 2015;26:1171–87. 
[8] Brax S. A manufacturer becoming service provider – challenges and a 
paradox. Manag Serv Qual An Int J 2005;15:142–55. 
[9] Ulaga W, Kondis A, McTeague L. From Product to Service: Navigating 
the Transition. Insights@IMD 2013:1–4. 
[10] Boucher X, Peillon S. Diagnosis of Servitisation Potential Proposal of a 
Strategic Diagnosis Framework dedicated to SME. WECC2015, World 
Eng. Conf. Conv. 2015, Track Ind. Soc., 2015. 
[11] Vandermerwe S, Rada J. Servitization of business: Adding value by 
adding services. Eur Manag J 1988;6:314–24. 
[12] Isaksson O, Larsson T, Rönnbäck AO. Development of product-service 
systems : challenges and opportunities for the manufacturing firm. J Eng 
Des 2009;20:328–9. 
[13] Goedkoop MJ, van Halen JG, te Riele H, Rommens PJM. Product 
service systems: ecological and economic basics. Ministry of Housing, 
Spatial Planning and the Environment, Communications Directorate; 
1999. 
[14] Manzini E, Vezzoli C. A strategic design approach to develop 
sustainable product service systems: Examples taken from the 
“environmentally friendly innovation” Italian prize. J Clean Prod 
2003;11:851–7. 
[15] Tukker A, Tischner U, editors. New Business for Old Europe: Product-
service development, competitiveness and sustainability. 1st ed. 
Sheffield: Greenleaf Publishing; 2006. 
[16] Manzini E, Vezzoli C. Product-Service Systems and Sustainability: 
Opportunities for sustainable solutions. Paris: United Nations 
Environment Programme, 2002.: 2002. 
[17] Alonso-Rasgado T, Thompson G. A rapid design process for Total Care 
Product creation. J Eng Des 2006;17:509–31. 
[18] Barquet APB. Criação de propostas de sistema produto-serviço no fuzzy 
front-end. University of S{ã}o Paulo, 2015. 
[19] Barquet APB, de Oliveira MG, Amigo CR, Cunha VP, Rozenfeld H. 
Employing the business model concept to support the adoption of 
product-service systems (PSS). Ind Mark Manag 2013;42:693–704. 
[20] Clayton RJ, Backhouse CJ, Dani S. Evaluating existing approaches to 
product-service system design: A comparison with industrial practice. J 
Manuf Technol Manag 2012;23:272–98. 
[21] Tan AR. Service-oriented product development strategies. Technical 
University of Denmark (DTU), 2010. 
[22] Lindahl M, Rönnbäck AÖ, Sakao T. Business Implications of Integrated 
Product and Service Offerings. Proc. 1st CIRP Ind. Prod. Syst. Conf., 
2009, p. 165–72. 
[23] Neely A. Exploring the financial consequences of the servitization of 
manufacturing. Oper Manag Res 2009;1:103–18. 
[24] Osterwalder A, Pigneur Y. Business Model Generation. Amsterdam: 
Self Published; 2010. 
[25] Teece DJ. Business models, business strategy and innovation. Long 
Range Plann 2010;43:172–94. 
[26] Wirtz BW, Pistoia A, Ullrich S, Göttel V. Business Models: Origin, 
Development and Future Research Perspectives. Long Range Plann 
2015:1–19. 
[27] Shafer SM, Smith HJ, Linder JC. The power of business models. Bus 
Horiz 2005;48:199–207. 
[28] Baines T, Lightfoot H, Peppard J, Johnson M, Tiwari A, Shehab E, et al. 
Towards an operations strategy for product-centric servitization. Int J 
Oper {&} Prod Manag 2009;29:494–519. 
[29] Cavalieri S, Pezzotta G. Computers in Industry Product – Service 
Systems Engineering : State of the art and research challenges. Comput 
Ind 2012;63:278–88. 
[30] Coughlan P, Coghlan D. Action research for operations management. Int 
J Oper {&} Prod Manag 2002;22:220–40. 
[31] Brown T. Design thinking. Harv Bus Rev 2008;86:84–92,141. 
[32] Liedtka J, Ogilvie T. Designing for growth: a design thinking tool kit for 
managers. New York: Columbia University Press; 2011. 
[33] Plattner H. Bootcamp Bootleg. Palo Auto: Design School Stanford; 
2010. 
[34] Rodrigues KFDC, Nappi V, Rozenfeld H. A Proposal to Support the 
Value Proposition in Product Oriented Service Business Model of 
Product Service Systems. Procedia CIRP 2014;16:211–6. 
 
 
 
 
